Abstract
INTRODUCTION
Esophageal cancer (EC) is the eighth most common cancer worldwide and is reportedly associated with high mortality [1] . The high mortality of EC remains problematic also in Japan [2, 3] . Notably, however, the prognosis of asymptomatic superficial ECs treated by endoscopic resection is reportedly favorable [3] . We can therefore postulate that early detection of ECs in the screening setting before the occurrence of symptoms is essential.
Endoscopy, particularly image-enhanced endoscopy, is accepted as the most useful EC screening modality [4] [5] [6] [7] [8] [9] ; others include whole-body cancer screening modalities. 18-Fluoro-2-deoxyglucose positron emission tomography (FDG-PET) is one modality being increasingly used to screen for whole-body cancers, including EC, in the opportunistic screening setting [10] . Although the usefulness of FDG-PET for the assessment of EC extension and metastasis, detection of EC recurrence after treatment, and evaluation of the response to therapy for EC has been well examined [11] [12] [13] [14] [15] [16] [17] , only limited data are available on the performance of FDG-PET for EC screening. With respect to the diagnostic ability of FDG-PET for primary EC lesions, EC that invades the submucosal layer or deeper can reportedly be detected, but more superficial ECs are difficult to detect [11, 13, 14, 18] . Based on this finding, it can be hypothesized that FDG-PET is not suitable for EC screening. To the best of our knowledge, however, no study has evaluated the true screen sensitivity of FDG-PET for EC. Asymptomatic individuals instead of patients with clinically diagnosed cancers must be evaluated to clarify the true screen sensitivity [19, 20] . Furthermore, it is best to analyze screened individuals undergoing both FDG-PET and endoscopy simultaneously because this allows for the most accurate calculations based on the endoscopy findings as the reference [19, 20] . In the present study, therefore, we examined the performance of FDG-PET for EC screening, including its screen sensitivity for EC, by analyzing large-scale data of asymptomatic screened individuals who underwent both FDG-PET and endoscopy.
MATERIALS AND METHODS

Study design and subjects
This single-center retrospective study was approved by the Ethics Committee for Clinical Research of the National Cancer Center. We retrospectively analyzed the data of consecutive asymptomatic individuals who underwent opportunistic cancer screening at the cancer screening division of the National Cancer Center, Tokyo from February 2004 to March 2013.
During the study period, 25120 screening esophagogastroduodenoscopies (EGDs) were performed for 13128 individuals, including those who underwent more than one EGD in different years. Among them, 14883 EGDs were performed simultaneously (on the previous day) with FDG-PET examinations in 8468 individuals. Excluding 6 individuals who refused to participate in the study and 24 individuals with a history of esophageal treatment, 14790 EGDs and FDG-PETs performed for 8438 individuals were included and retrospectively analyzed in this study.
To evaluate the performance of FDG-PET for EC screening, we compared the results of FDG-PET and EGD, considering the latter as the reference, and then calculated the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of FDG-PET for EC lesions. If multiple ECs were detected in one patient, the most advanced lesion in terms of tumor depth and size was analyzed as the representative one.
ECs were defined as malignant epithelial tumors originating in the esophagus, including squamous cell carcinoma (SCC) and adenocarcinoma [21] . According to the Vienna classification, both invasive and noninvasive carcinoma (carcinoma in situ) were included in ECs [22] . FDG-PET and EGD were performed on two consecutive days. FDG-PET was performed on the first day and EGD on the second day. Each test was performed and diagnosed in a blinded fashion with no knowledge of the findings of the other test by different doctors [19, 20] .
FDG-PET examination
FDG-PET was conducted according to the Japanese FDG-PET guidelines published by the Japanese Society of Nuclear Medicine (http://www.jsnm.org/fdg_pet), as previously described [20] . PET and PET/CT were used during the study period. For the first 2 years (February 2004 to December 2005), only PET was used (ECAT Accel; Siemens, Washington DC, United States); this was gradually replaced by PET/CT (Aquiduo PCA-7000B; Toshiba, Tokyo, Japan, or Discovery-600; GEMS, Milwaukee, WI, United States). The findings and diagnoses of FDG-PET examinations were evaluated by a single expert radiologist specializing in nuclear medicine who was blinded to the endoscopic findings. A positive FDG-PET finding was defined as significantly higher round or oval focal accumulation of FDG in the esophagus compared with background levels. Segmental uptake, i.e., FDG accumulation in the shape of the part of the esophagus in which it was present was diagnosed as a negative FDG-PET finding. The maximum standardized uptake value (SUVmax) was evaluated in cases of positive FDG-PET findings.
EGD examination
EGD examinations were performed by endoscopists certified by the Japanese Gastrointestinal Endoscopy Society as previously described [19] . Transoral (GIF H-260, GIF-Q260; Olympus Co., Tokyo, Japan) or transnasal endoscopy (EG 530-NW, EG 580-NW; Fujifilm Co., Tokyo, Japan) was performed according to each screenee's request. The image-enhanced function (narrow band imaging or flexible spectral imaging color enhancement) was routinely used. If necessary, 2% Lugol solution was sprayed on the esophageal mucosa.
Biopsies were taken for histopathological examination of all lesions that appeared potentially malignant. When an EC lesion was detected, the patient was recommended to receive treatment at the National Cancer Center Hospital or any other hospital. The results of the treatment, including the histopathological findings of the resected specimens, were reviewed and recorded.
Evaluation of screenee characteristics
All screened individuals at our institution are required to complete a self-administered questionnaire on lifestyle, demographic characteristics, and medical history at the time of their first screening and 5 years later [23] . In the present study, information about cigarette smoking (nonsmoker, ex-smoker, or current smoker) and alcohol drinking (nondrinker, exdrinker, or current drinker) were extracted from these questionnaires. Age, sex, height, and weight were also evaluated.
Evaluation of EC characteristics
The macroscopic type of EC was determined endoscopically in accordance with the Paris classification [24] . The tumor location was also determined endoscopically and classified as cervical esophagus, upper thoracic esophagus, middle thoracic esophagus, lower thoracic esophagus, or abdominal esophagus [25] . The size of the EC lesions was measured based on the pathological evaluation of each surgically or endoscopically resected specimen; when a specimen was not resected, its size was determined endoscopically. Tumor depth was also pathologically determined except when EC lesions were not resected. The depth of EC lesions that were not resected was evaluated using EGD and endoscopic ultrasonography. The histopathological type of EC was determined by the evaluation of each endoscopically or surgically resected specimen; the type was determined based on examination of the biopsy specimen only when it was not resected. The staging of EC lesions was based on the TNM classification [26] . The presence of lymph node and distant metastasis was evaluated based on radiological imaging (in all patients) and pathological evaluation of resected lymph nodes (only in patients undergoing surgery with lymphadenectomy).
Statistical analysis
Statistical analyses were performed using SPSS software (version 22.0; IBM Corp., Armonk, NY, United States) and the statistical program R, version 3.2.4 (http://cran.r-project.org). For evaluation of the sensitivity, specificity, PPV, and NPV of FDG-PET for ECs, 95%CI were also calculated for these estimates. The χ 2 test or Fisher's exact test was used for categorical variables, and the Mann-Whitney U test was used for continuous variables to compare the screenee characteristics between cases with and without ECs. A P value of < 0.05 was considered statistically significant.
Clinicopathologic findings of detected ECs
Thirty-two EC lesions, all of which were histologically proven, were detected in 28 individuals; 25 individuals had 1 lesion, 2 individuals had 2 lesions, and 1 individual had 3 lesions. Clinicopathologic characteristics of the 32 EC lesions are summarized in Table 2 . The first treatment was endoscopic resection for 28 lesions, chemoradiotherapy for 2 lesions, and radiation for 1 lesion (the treatment for 1 lesion was unknown). Among the 28 endoscopically resected lesions, resection was noncurative in 2 because of submucosal invasion; 1 underwent subsequent esophagectomy with lymphadenectomy, and the other received subsequent chemoradiation therapy. The pathological evaluation of the 28 resected lesions showed that the depth of invasion was pTis in 12 lesions, pT1a in 13 lesions, and pT1b in 3 lesions. The depth of the other four lesions was estimated to be cT1a (n = 2) and cT1b (n = 2) based on the clinical examination findings. The median lesion size was 12.5 mm (range, 5-60 mm). With the exception of 1 adenocarcinoma lesion, the other 31 lesions were histologically diagnosed as SCC. With respect to lymph node metastasis, one lesion treated with additional esophagectomy with lymphadenectomy following endoscopic resection showed pN0. Among the other 31 lesions that were not treated with surgery, only 1 cT1b case showed cN1; the others showed cN0. No distant metastasis was observed in any patients in this study.
Sensitivity, specificity, PPV, and NPV of FDG-PET for ECs
The results of the performance of FDG-PET for screening of ECs are shown in Table 3 . The sensitivity, specificity, PPV, and NPV of FDG-PET for ECs were 3.6% 
RESULTS
Screenee characteristics
The screenee characteristics in the cases with and without ECs are summarized in Table 1 . As a whole, the median age was 61 years (range, 40-92), and the male:female ratio was 1.9 (9699:5091). The age of those with ECs (median, 67.5 years; range, 55-76 years) was higher than that of those without ECs (median, 61.0 years; range, 40-92 years) (P < 0.001). The male:female ratio was also higher in cases with than without ECs (13.0 vs 1.9, respectively; P = 0.002).
Information on smoking and alcohol was available for 10167 of 14790 cases (68.7%). Although the proportion of current smokers and drinkers seemed higher in those with than without ECs, no significant difference was observed. 1 The depth of four lesions that were not resected (n = 3) or had an unknown treatment result (n = 1) were determined clinically: T1a (n = 2) and T1b (n = 2); 2 Two cases overlapped: surgery following noncurative endoscopic resection (n = 1) and chemoradiotherapy following noncurative endoscopic resection (n = 1 
Evaluation of FDG-PET-positive cases and SUVmax
Among 
DISCUSSION
The present study is the first to evaluate the performance of FDG-PET for ECs in the screening setting. The results clarified the very low screen sensitivity of FDG-PET for ECs. The population comprised asymptomatic individuals, and all detected ECs were superficial and did not invade beyond the submucosal layer. In this situation, the sensitivity of FDG-PET for ECs was very low. Even after excluding old cases using PET alone, the sensitivity was still very low. The difference from several previous studies showing a relatively high sensitivity of FDG-PET for ECs (69%-100%) is considered to be mainly due to the differences in study populations [11, 13, 14] . While the study population of those previous studies was patients with previously known ECs that mostly comprised advanced ECs, the present study population was asymptomatic individuals being screened for cancer. Some previous studies showed low sensitivity of FDG-PET for superficial ECs. The results of our study are consistent with these, and our study is highly important because it confirms the low sensitivity of FDG-PET for ECs in the screening setting [11, 13, 14, 18] . Because of the very low sensitivity, it is believed that FDG-PET is difficult to use as a screening modality for ECs.
The very low PPV with many false-positive cases is also a problem for FDG-PET as a screening modality of ECs. The false-positive results of FDG-PET reportedly may be associated with esophageal inflammation [27, 28] . In this study, many false-positive cases showed GERD, indicating a possible relationship between false-positive FDG-PET findings and GERD. This raises the question of whether the SUVmax is helpful in differentiating true-positive from false-positive cases, such as those with GERD. In this study, the SUVmax was evaluated in every FDG-PET-positive case, which is a strength of this study. Considering that the SUVmax (4.7) of the one true-positive case was higher than that of almost all false-positive cases (49 of 50), it is possible that the SUVmax may be useful for this differentiation. However, because of the small number of true-positive cases (n = 1), it was difficult to draw a clear conclusion regarding this issue. In addition, even if the SUVmax is useful, there must be a limit on the increase in the PPV from the very low value gained in this study.
There were several limitations in this study. First, although this study adopted the results of EGD examinations, the most reliable and accepted modality for detecting ECs, as the reference for the analyses of the performance of FDG-PET, it remains possible that some EC lesions were overlooked by EGD [4] [5] [6] [7] [8] [9] . However, considering that EGD examinations were performed by experienced endoscopists certified by the Japanese Gastrointestinal Endoscopy Society and that imageenhanced endoscopy was routinely used, the risk of overlooking EC lesions was presumably low, and its effect on the results of the performance of FDG-PET for EC screening was small.
Second, the number of detected ECs was relatively small, and no ECs invading the muscularis propria were included in this study. If ECs invading the muscularis propria had been included, the sensitivity may have increased. Importantly, however, the prevalence of advanced ECs is not expected to be high in the screening setting as shown in this study, and the target lesions to be screened should be early-stage lesions. Thus, the low sensitivity of FDG-PET for ECs in the present study, which analyzed large-scale data of the screening population, is believed to reflect the actual performance of FDG-PET for ECs in the screening Sekiguchi M et al . FDG-PET for esophageal cancer screening setting. Third, this study included four ECs in which the clinicopathologic features (tumor depth, etc.) were determined not by the pathological evaluation of the whole lesions but by the findings of clinical examinations such as EGD and endoscopic ultrasonography; thus, the accuracy may not have been perfect. However, the diagnostic accuracy of these examinations for ECs is reportedly high, and the effect of this issue on the results of the present study is considered small [4] [5] [6] [7] [8] [9] 29] . Fourth, the histological type of all ECs except one was SCC in this study, reflecting the predominance of SCC in Japanese ECs and showing that the screening performance of FDG-PET for esophageal adenocarcinomas is difficult to judge from the findings of this study [3] . Although the results of FDG-PET performance in EC screening may depend on the histological type of ECs, no high-quality data have shown the difference in FDG-PET visualization between adenocarcinoma and SCC. In addition, considering that the screen sensitivity of FDG-PET for early gastric cancer and early colorectal cancer, both mostly comprising adenocarcinoma, is reportedly low, FDG-PET may still be difficult to use for EC screening even when adenocarcinoma is the predominant histological type of ECs [19, 20] . Fifth, data regarding screenee characteristics were missing in a part of cases of this study. However, only individuals considered to be at average risk undergo screening at our institution; thus, the study population as a whole was believed to be at average risk for ECs. The available data on the screenee characteristics showed that the study population did not include many high-risk individuals.
Finally, the FDG-PET findings in this study were evaluated by a single expert radiologist specializing in nuclear medicine. Although this led to reduced interobserver variability, representing a strength of this study, further studies involving multiple radiologists are warranted [20] .
In conclusion, this study is the first to examine the performance of FDG-PET for EC screening using a large number of asymptomatic individuals and clearly showed the low sensitivity and PPV of FDG-PET for ECs in the screening setting. Based on these results, FDG-PET is considered to be difficult to use as a screening modality for primary ECs.
COMMENTS
Background
The high mortality of esophageal cancer (EC) is problematic worldwide and early detection of ECs in the screening setting is essential. Although 18-Fluoro-2-deoxyglucose positron emission tomography (FDG-PET) is used for cancer screening, only limited data are available on the performance of FDG-PET for EC screening. In this study, the authors examined the performance of FDG-PET for EC screening by analyzing large-scale data of asymptomatic screened individuals who underwent both FDG-PET and endoscopy at the cancer screening division of the National Cancer Center, Tokyo.
Research frontiers
The usefulness of FDG-PET for the assessment of EC extension and metastasis, detection of EC recurrence after treatment, and evaluation of the response to therapy for EC has been well examined in previous studies. However, there have been few studies evaluating the true performance of FDG-PET for EC screening.
Innovations and breakthroughs
The present study clarified the FDG-PET performance for EC screening by adopting an appropriate study method. Asymptomatic screened individuals undergoing both FDG-PET and endoscopy simultaneously instead of patients with clinically diagnosed cancers were assessed in this study. The low sensitivity (3.6%) and low positive predictive value (2.0%) of FDG-PET for EC in the screening setting were clearly shown.
Applications
Based on the results of this study, FDG-PET is considered to be difficult to use as a screening modality for primary ECs.
Terminology
FDG-PET is a noninvasive nuclear imaging technique (positron emission tomography) using 18-Fluoro-2-deoxyglucose. This modality is increasingly used to screen for whole-body cancers in opportunistic screening.
Peer-review
Although it is known that PET-CT is not used for EC screening, there have been only limited data available on the performance of FDG-PET for EC screening. Based on the retrospective analysis involving 8438 subjects, this study clarified the very low sensitivity and PPV for detecting EC in an asymptomatic population. This study is well conducted and well thought through. The results are clearly presented and the conclusions are sensible and useful.
